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KBERDMU PRMING GROWNT
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AUTHUMM t RTS j
PRICRMT 22 D,-c-mb-,r 1955

AN INVESTIGATIO lOF AN SXflWJTAL CALL3BH .22

HIt~g-YgOCnY BULLET FOR RWFLU (UNCtsNIVIM)

TEIMY-FI7TH EXPf t.W PROJSCT NO.* TSl..2

D&TSS CV' ?TS 8 NOUZRu 195n TO 22 SMEMflM 9

c1J3C!

To imvstgate som interior-, extjeriwr-, *Azd ter.1ina-ba11istio proportles
of &mmmittam wileying sm exprime#.al oalib~r .22 rifle bullet designed by
Develoyent and Proof Sorvieom at Abordemx Preyring Groimd.

A contruet mms negatiated for fabrisatimi of 5000 "rimentiavl o..lber .22
* ~high-velocity rifle bullets in aocordazoe with a design proposed in Deeulopm-

wo and Proof 5ý'rvioess Thirtieth Ropoct an Project No. T31-2. The bullirts
prosued wee 1cded in re-fomstd ee.Iiber .30 I4ght -Rifli (7.62 = NATO)

* sartridge case vith suitable comapme4tvbs, to glve a Mars1e voleolty of mppru%-
Imatoly 3)400 fps, In aocardanse with prmvisus proposals In the Report cited-
above. This mmumtim was fired in tost vmpsa for determina.tion of volsoity,
aoour..y, &.billty,,balliti cooffioleat * An penotmttion 4,z cerban tSrcg.te
1ry &rrangeinrzt with the Mindioal Division, Biopl~ylex Bramh,, of the Army Chmmiml
Ceuter. a vwm-ballistic evaluation of the wzp21mrlwoml ammitim vn wa do by
that agency, and result. of that evaluation ommW0 Appenis C at the premest
Rieport. Fors porpoes. of oonvsxdmut comparison, saw data lw: ee uludod
for standard types of caliber .30 ammitlon - piipal2ly 1e4-*ore 92
bell, ~iiuoi Is the standard roond =at nea~rly caqsrmble to -,he ~empoinuta1
mawitisa testbed.

The amiimtio e~loying the k2insa caliber AR~ VY fl* bUlic 'me
su~perior to caliber .30 W2 bell with respet -to impaort velocities, flatnesS or
trajectory, def leation by areas.'w~md. partwatiom aC armw plate. pertowatzicit',

~.L-amts, pm~trati on of vino boards at 9000 yards& * igtness of recoi, and
lighti~eam of welg)b. With respost to amr-all v~w-bm3.liwtiopeorfmo# It
Tma apprazimtely equal to oaliber .30 ballets with wbiah I* vas asmpar,&. Tho
accuracy of the toot bullets w~o ucolloeat dmn IM p2W933m was uaftl# and V0Py
good wihi X487.2 ball1 propellant vans udW it ebrambplate4 bcoae war eqw1eywd,
but the X1487 .2 ball woopel1ant aisi able gave ob 3eetiinable fomAli ovem In

-2-
CON FIDENTIAL



-)ON ;IDFNTfAL

ohrime-plated bores and intolerable fouling in bores which were not ohrm•-

plated.

ERCUi•nt&T IO

It 1,8 r d tba+! using foroce be invtbed to ommut oan results of
the tenting descrlbed her..

Conting•nt upon the using for.es' expression o fu+rh interest, it is
rec ummdled that addi4ial weapons amd aum tion be procured for further
engineering dm•pm•lq, and for amh eovaltion a9. waing fevee mW desair
to aske at that ti.

CO-IFDENTiAL
II



CON FIDENTIAL

A.PG CO?! NO. ____CY 22 COFIES

DISTM~UTICK P' R TlHry-pF1THRZPM W~ PROOJIT N0'ý TS1-2

COPY 110.

Chief of Ordzwne.
1Ie~shington 25, D: C.

3 -5 AM iN CeTS (Add~roau..) 3 oopioa
6 1M A I OW

Gowwading Generea
Orduumec Axoitiozi Comm-d

7 Jonet. flinoiu 1copy

Gcamanin Oawy
Frwsford'z Arsomi

8 -9 PhiludelpIhis 37s FL.
ATT: t~birar 1o

AM Col. K-B. Rood.

Armad~a s@o Tech. Inf. Agaioy
10 tecuoovt Sorvioe Center a ~lm p

Dayt~m, Ohio

Cm-:, ndiig General
fl Pic - imay Arsenal 1S

Dover,, No L

4 a±g Oonflea

12 Rack Islamd Arsenal., "111.
ATTN s MMO&FM

OOKRC Liaison Oftlo~r
13 - 15 Aberdisen Pmo 1tg Oromd, Md. 3 Cope

Bureau of Oftame Liaison Officer~
16 Navy Idaisoan Office 2 *W~

Operations Roaos~mh OMfic
17 Jobne E&PkIda tnIiersitY1 e

S.ilver Byring. Ms.

Director, Ba.1ilstlo\ Revearch tabp trabis
18 Abordeenf~j Po1GrZ , Md.
isATTN i Dr. R" (icy)t

19 ATM!~ Dr. ?.* E. Sterne Rcy) 2 colie$

CO NF IDENTI AL



CONHW1V'NTIAL

Climmicail Corps Mrdic-ýk Ltibo~ratary
Biophysics Division
Army Chemical CNntý-r, Md.

20ATTNI Dr. DzI±mian 1copy

* Technical Library-Branch
0 1 ?,_2 Aberdeen Proving Ground, IMd. Original ard

2 copie'u

I Vj

IN

I;.--

44

CONFIDENTI'l



-1 INTRODUCTION

A. DISCL1SSION

I* Aza a reault pext-ly of theoretla~1 acrnialem.tions, end puft'iy of
experimeis andi observations or inrgineers at this *ba~tirn with high-vvlocity
nmoý-mli~tary weapons, it man felt that x~ adva.ntages zm.ght aoorue frr
investigation of hign.-velootty nartridtoa In ndlitary shoulder arms. Ini
A -- 4l 1952, "rml au+_$ortr va- grait~d W~v the Direotor of Derveloompzt and
Proof Serviosa wid the Chief of the Anrsi und Aumnlmtuio 1)ivislon at 'this station
to proceed in this 4iadeaver In much manner an. not to Interfere with the omwese of
assigned dovelopoenb textIn, under direction of t ho Offtoe of the Chief elf
Orcbnaioo, Attention was first devoted to developamxt of a smal high-velocity
ca~rtr'idge, adaptable to a weapon much as the V2 earbinot presernb status of
that oftorti Is daeuribed in the Twenty-1'ifth and Thirty-Third Re~ports mn Project
No. T81..2. Conourrezitlys however, investigati on was progressing on a high-
velocity cartridge of higher enerry level, having dimmisiwonu suitable for' use
In rifle inohmniwamm Wanwhtile. at the direction of the Oftio* of the Chief
of Ordmwso, an 2 J~m 1953, the workc an high-volooity suall-oaliber eaftridgeu
in Develngmout and Proof Services a~t this station wasn r mwed@ tra% a not-to-
SIntorfere uuatme "xi oontiumad at &.n accelarated pae an aun assiped, projeot.
?be Wntial report on a hlh-velocity smil-caltbet' round for ampicyimnia in
rifles is t TitithRport am 'Project No. T81-2, puablished 22 April 19541
thes proser#, report describes a contim)ation of that developmt effort.

2. In the previous report (D~evlopmsnt end Proof Services Thirtieth
lisport an Project No* T61..2) saw oonsideriations of t heor-tieal advantages of a
mmal-oaliber,, hith-.voloeity oartridge for shoulder apcmas we"e discussed.

Aa mn fInvestigating sa ofte osdrtosUuii n k
preparedI using mdttied oemomentsneb c cortain cinercial and mai~ta17 ammitiosi.
~So test mfpons and an auxtatic rifle mire fabricated or adapted to firg the

eqerixosal aziwition, mad som prelimnarxy testing was conducted* The results
of thi testin~g indicated, first, thaSt the expWrimat wat Wfioloulzly pw"*'
Ing to justify fartber pursuit, and# secondly, tbat the nerxt loe~al stop varn
the doeip~ of a amlIpoailber bullet having aeoeptzb2e adltaxy ahmmteristies
for Kifle use* IOh a bullet was disslpond, Its ballietto propert~ies were.
"taiimbed, and the shuvsteristies of a sarbridge *Wl1qy'ig the proposed bullet
were described in an appendix to thrao re~nbnionod reports Pmoowimnt, tor'
testing purposes, of ammidtiam o@l t he proposed type was reemter~d*

3.~ Rubuioqii.nt 'No pa'hl cation of the Thirtieth Repowri cc Projeort No*
TS.authority ims granted toc proo"-d with promwmamut of bal~lots of the

Tb x~ T iws ama _ .IIo.A by 1.-.. ao wit th SIO Y&tfo'

CWkmqw, of Uhittier, Califerals. The original ýVantlty promoimd for thes"
tests us 5000 but prior to publication of the presont re))Ort, PtAlftem1li
qamntites (tapprm iu~toly 100,000) were orid5*red by Wal~r agecices on t he baSis
of ..ar2yt results of the toots deveribed here, tor' their mmn aiporimimrtis Tb.
present roport deals with somm perfamauws oh~ruawtri sties of the ainznitie"
asueibled with 'oh. bullets of the originsa lot, of 5W0.
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L4. The f'ollowring quoitationi has beem extracted fromA DISUUSSICS
'ki L LM &hýtiet RepLort. (A P-rejeot No. TSi-2: "Socmi evident advantages ot

the om11-caliber high-vulocit~y oartridge are reduatien In recoll, IRMW saving
in weight, groater flatness of trajeotory ovvr e~ffoti're rifle ranieu. and
impr~ced muzl-a1-oenantor efficiency cminiy to the high ratio of charge
*eight. to bullart voight. Sam forvoeeable disadvxxttagoa include difficu~lty
in producing special-purpose bullatx mwoh as trnaer and exondiary, Increased
erosion as a cersequence of higher relooity, and nor*s rodwilyion in iiniavt
energins and ponstrntion inl certain media* These dilsadvantages seem to be
mont igpwrtavr%, howuver, in a zmuohirmO gun rmand, &Md niah leon important in
rifle eoaxidtion. It man aenauldered likoly that a not advexitago of the
snol.-oal~iber hirh-volocit~y rmund would be largely contingent upon acceptability
of the pruomes that rifle and .cahine gurn %Fainftit n meed not be intrewhin~eablo."
A qu~antitative ervaluation of saw of the characteristics cited above Were iý-
vestIrgated in the teats dvcoribed In the earlier report. Thei present report
is primarily Intended to proeren data. an these chartaotoristies vhich have been
changed by mployinnt of the ivsvly desiped bullet. For w .ovniet veferemeon,
ho~weverr & data an other oharscteristics have been extraoted frin the earlier
ropert# and are presented here apain.

B. RIWRE 'CBS

1. Authority for this teat in contained in teletype O 1%18 dated
7 January 1955, a oapy of whiah coapriseo Appendix A of this reports

2. Toohzaoal References Inc lude the f ollowlzg s

a. Tvanty-rifth Report on Projatt No. T81-2.

be Twenty-eighth Report* an Projeot ft. TSI-2a

a. Thirtieth Reporb an Projeet No. T81-2a.

d., Thirty-third Report =n 1'rjeob go* T824.~

e. Firing ReCord No* 8-1601 (Appowfti P)e

f Vdioal W-bors~tsr1# Reeearoh Report V.. 291, *Wound ftjllisflox
Assessmon of ONe .)0 Caliber M2l Ball. the .30 CaILiber Armor Piersing MRlt
LMd the .280 Caliber United Wingdua tmaid Core Ball%, dabed Jun. 19514.

Me di.cal Laboratbories Rexseroh Re.port 3Soe ~ lsn
tiallimbion kossessmi* of an ftorewlU~at W~ Calliber lemAd-eer 1gh-VeleoiW
Rifle a "Ii CwqMEXriwi W.Ahh 7.62 no 0 (.30 -aliber T.21) Rif'Ble -DaU~ datod

rI DRUCRIPMIMZ OF WATElIEL

L. The experimntal bullet designed for these tests Is of' Oenventional
l*d.-o9r6 ball. omrruokicrio, haaa &I idinfg!- mtal Jacket, a coven-oaliber tangent
oCjve, and a nina-dagruen boetttail or' &pproximntely .8-oalibor length. It la
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~e'~ti~y a .28-call ,or loiolo'-uo of' tbhe obacloto caliber .30 U1 ball-
A dmwinf, of' the bWJ11Ot, Lof~tnor wl~tlh eoon f'urtiher dosoriptim and Mltmbzutod
11-Alliatitc properiiets, appeared in Appendix F of t~he Thirtioth Report on Projoot
TSI-2. The diwnsions of thr.) tootml bv~t oo~nfox-a to those of the d"sgrtrmwing (A~ppndiz D) oroept; thAt the rwotuai vsirJ-t 13 sli r 1, f rem41tab 's~ot

Ae3rixlyi.znio praop"ri1es cloeisly appruxirzto those oatina2~sd at tOA t1im, the bullort
w' designed.

B,. The cart~ridge ca~se for' the axperimunto.I a=mition was the mcxifiepd and
ro-formd caliheor .30 FA T123- case described in the Thirtieth Report on Project
No,. TSI-2*, a sketch of which Is inolvided In Appendix D of the preaset report.

C. Tepropollant *~loyed for "service" lonae of the aexprimamtal samauM-
tionis f Water-bal ". doi~m-ed 48.2#intended originally for

hiA&-vslooltY 30m aircraft-gun cartridges such ame the T206910. It I s not
aw*z)lsetly vultable for the Amperl~awtl mcaW)er .2? ainamtimn, prodwuin~g
foullng, In the boro, *dal ohu,-iwmiates 'very ra~pidly unless chrem-platod barrels
%re qe~joyed., 1t does meet (and slighitly oxood) the antiolpatod velocity lovel
u~pon which ballistics for the proposed oartridgv were ostlmut'rý. hmwever, and

im.~ . ua the mest nenry atablepropellant awRlableat tetn fteetos

no Thearos of ro p~se fouling, for netherth effetwivebrig wrae nxor
Morineotsryc desty ffrne ths, orothber XMRtyp ot prol ,wr s utabdar fosbr

ataningo 22a caailities. Gof te sad bre dmbal earridwer a ballproxiinbel
load vu thereor solected frtoup *service' anbarrelss.2nuwt

D. Them wegtwis af oaceo trowm i f then inohais tal oainr 2 eihtrinhes

Iares Lpmware mlytd 20gal g baresWared toabot 36ainodf~ rford baronds ofd~
cyliber .3e0 le bLInpzBnVley .i ma

1e Theoa~r~o proof wmpani ie aooinyioh for the experiuia cr~owre. excep
forwwsxtigshop o~if te Infant asscid Aitho&Ubt W.pa simiar on tti standr aibe.

in eoswach wponaibe 2 einch es. ribe Ld bar th tirtieth Repor apprimoetho.

chlo-2 w tlied. bythe Wkr1ohiny Cmompany ofw Chariliestn rquiedp USr othper
barres er 8- nc ated. Allnc bad~e s of rofin fobtaied fro1 roifed blonlet insteaod

by,~ ~ ~ ~ ~ ~~~O th Ape Rifl NTgzW IS Aaly Cai~.



of the lh-itnoh lead of the weapans urad in the earlier tests. It was
axrtioipatbed that testis with (3-inoh and 10-inch twists wmild yield data upon
whiiih a f irm choice of rifling lead for the now bullet oculd be iudoj it had
previously boon eetimated (of . Thirtieth Report an Project Wo. M01-2) that a,
nine-inoh- lead, mdid ho appro~dxately vorreet.

2. To ait&bllsh a suitable Oharge vdth the now bullet, firine vms
conducted in a. locally fabrioated oaliber .22 BVy prenasw' pgoo Procedures
were generally, In aooordanoe with those prescribe-d for omill-*arms presinwo
bents in CIRD-Nr08-ME, Volwum 111, of' the Ordnane Proof WJ=al. The Intent
wimi to obtain the highest possible vrelocity within a, "copper" oha;Wber pressure
of 520W0 psi. All loaaing ms done &n a Paoifie-type reloading press, using
locally fabricated dies for cuve-forming. reasising, and reloading operations.
Charges for charge-entabllshint more weighed on a nodifiod analytical balance,
and thereafter were thrown from~ a voliwLrtio meapumr

3. To establish the yelooity level of the a.nmoltion assembled,
'relocity series were f'ired lIn &oootrdauwe with proscribed Proof-1kaiaI proced1ures,

* .zemloy.ing locally fbricatod aeournoy rifles (.M= barrels), as rorte4 in R~ow4-
by-Rotm Data.

1.Accuracy testing vas onducted at 100 yards and at 600 yards, in
the maner prescribed by ORP-W6018-Pfl, VQ~tno MeI ZUitia attemp7ts with ball

* proell=t vore unnuccoomfui, howsver,, as group xstie inersesed systsmatioally
and rsapidly, after aleaning the barrel, an a omisequense of asoouinlating fouling.
Efforts wore mado to obtain another ball propellent with suitable ballistie

ope rties and loe. tendenoy to prodwoc fouling@ but those efforts were un-
sucoessfu2 Immwh as no existing prepellAnt us sat iefatoty,, and the Limited
quantity of aummition Involved di not justify procurecona of a qecia lat.
An acumacy rifle (hNL= barrel) was then chreme-plat.4 ilk go effort to .Llevi~abe

the cu~ _Forblono and this barrel was fired for imbo stwe ewsocutiyu ton-u
grops t W y~dowitbwot cleaning. to ahosen the accumadatidua of ftulizi

and the offect = amuacy. You oaqariem, the chroew-plated barrel us
thoroughly aleared after having fired appsroximtely 4200 ball-preopllimt loads,
and sixty loads using W 4350 propellant wore fired, the last fifty of these
being umed 'to mai* Mvey tat-.shot groups at 600 yards.

5. To establish drag aharacteristios of the experinambal baUit,
firbmg ws oanduated at ranges of 2D. 600,p 1000v &WA 2DOO yardo for mesurema
at remaining vo~eltieib. From thaso dba, standa4i-eaOmttioan impact vosolieeii,
ramJining energies, isrose-wind defleotisas,, inaxiuzi ordiiatoes, and elevatica

tu0 "A~pRiuiba~l ausmsition Vere Gaoniu]ated by methods doserib*4 in t he
wumtsy-sighth Iinport ca Project No. T31-2 and the uasjal 31aoo awtheds oppliosbie

* to flat 'rajoctario..

6. To obtain some Information on ft~rmaiwl-balllubio prwoprties of the
epriirnrtal umw-ition, penetration tests wort~ f Ired qp.Uet h-elmets and against
4inob. hamgeuwou arnor, pýato M,~ various renges as naked in Rcm.by'.flau

Data. Osliber .30 Ball )e Aumwemtion ufs used for eantrOl wero omparablo
data. for tha caliber .30 round were not Wothride avidlable. Data were &lee
obtained an a pine-beard targot at 2000 yards, in conjuvantion with exterior-
tallistie test# at thim range.

(:OW-nV).r HAL
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7*To duiterai'ne the maxim= load o~f rin'ing .which vcmdd produce
adeq'nate stability taor the experIiwnta1 bullet under mnirbiipsted field ewn-
ditions. yaw-oard firing waa conducted fromi harrels with 8-inoh wAm l0-iwh
leads* These data, were reduned to yield standard stability factors, fron ui~ioh
da1fa, rom~wIfet1~m could be mdo as tco a. desirsble lead of fofi ~ r~ ru-bw
vveapons e-!!ipyng the nwwlv doesigned bullet. Moro oamplate prooedtwoo for these
vosts evre ooobained in Firing Fecord Ha. 5-It&101, wh~oh oompiess part of Appmi-

di of this report.

8. Inaph an recooIlyenduIlm data, were taken for the Thirtieth
Report cm P'roject Woo. T51-.2 using a (i3-grain bullet and 429&graupix obsrgep the**
tests were nie- ropeated for the new exper~mouta1 wammition 8 inse the new
sa.zoltioui e~loys a 68-grain bullet "~ 51.prain *harge, the offset of these
ohangres was omaiaidewed sufficientl~y suali to be cairaulstod tre the previcus
data with aaoeptabi somiuoya This ca~eu2ation wur based mpon measured quavn-
titles for the mew ainsetiss, -=epb for effective e*At velooltyr of the
prepeflant WesO, whioh van &souieA to be the weas that nwasured. in the
saxlier tests with the 63-Cruain bullet. Data for the caliber .30 V2 ball
cartridge are presented for oesuparisan*

9, By arrmn&emnt with the BiophyIes Divisioni, (beadW eelCrp.
Medoal tabratarios, A*vW Chotioa~l Noeutr, Ibrylands mAnd -ba.lliutto stwUois
of the exzperimental amwitlon moe" wwW Prooedures for the** studies ane
giveun in RM~ NO* whidsh comprises Appenixi C of %his report.

Do RBOULTS

1. A# a result of ahsr~tetewtblishasinnt firing rep~re in Appeaidi B.
a obarge of 51.0 painus of 1 487.2 ws selected for uservioOe leeln. - I
twent'rmm vielcity eerie& u~s tired with this chwrge in so couessy r~ifle
with tan-nash load of rifling. wM a bwint7 rwm4 pmesmwe Sewiss use tired
la a mae with eighb.1.iwh leAd. Olny Mfteotd data eauld be obtAizedp of
course. siinoe sallibrattle aoaq~ants fort M experiametal waimitlon ame wob
&V&I)Ab2.e A tabulated smairy follons

Yelooity derioss

Avslace IV. fre 0 78 tt 1 a

fttreim Varlatim, f~ps
Standard Deviation, fpu I

kvoru*~ Chanber rmoreaua.Psi(Ou1 5L985
ktromn Varation, pod 1 30

~i~u4Deviationa, Pet 1 1,010
Avenge 3.P.VelooitY~tPI at 78 ft, 3.375

2. The resultse of mNow-bsawrel anouratrf testing are summarized

-10-
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a. Initial tests fired at I0O yards with a oharge of ha.0 graina
of Ml1t,350 h3 ,ve the following average results, bsEad on four tein-shot txrOetE,
in san indoor rwige i

Ftrrem Vertioal Disperriom, inehes t 1.20
Extrem Hforiz-1tal DIlperalon, I•n•a 1-3
Extrw- Sp rd, Inohes * 1.5ý

be Two ton-uhot groups at 100 y'.rds fran an aoouraoy rifle were
talken .LIaltarwounly with t'- 20-shot vwlooity sofits, using 51.0 rsains of
X 487.2 propellazt, and giving the following average group diienuionst

Exr Vertioal Dispersion, Inches a 1.1-5
Xtrem Forisontal Dispersion, Xnohebs 1.19
Ertr~e Spread, Inches 1 1.55

a. In an acouraoy tout at 600 yards sing an unplated aeulaoy
rifle (Mann barrel) and a 51-grain obarge of X C4.2 1a11 propelloan. grwups
increased from 3.2-imh man radius to 12.6-inoh an radius in the firing of
forty rounds. Inspection of the bore rereeled a heavy aoe-labtiwe of fouling.
Uloa removal of the aocumlated fouling frm the boie, throe ten-shot groups
were fired. The first two groups gve mon radii of 2.7 &a *.6 inches,
respectively, and Vpa rwad of the last group missed th 6x 6-fCoo targue, where-
upon firing was suspendd beeause of rapid re-aeowuslation of fouling. individual
Group manauumpnts are given In A4puzidix Be.

d. Using a barrel with a herwea-plated bore, 19 toe-shot gioupe,
firod withhout cleandng, yielded am aerage moan radius of 4.56 Inohes at 600 yards,
using the ba1-propelaUt lead described in paxagraph 2 C. ,•Abe. There uas
sam evridmae, that diapmTion izioreu~ed during the first forty or fifty rounds
after clsaving the bore, and Inpoeotlom of the bore after 50 reum& shtA4d am
aovm=Ation of fauling. Ths dispersion did not appear to Inarease tuzh-r fte-r
about fifty rxAds, and Inspection of the bore f.fter about 200 r dm did not
indicate appreciably wore fouli4g than vs ober-ved at 50 mda. DimatlmsOn of
individual gru.ups are given in APpwidix B. A swomwy of group, dimensiomn, in
inches, for the 19 ten-ehot targets at 600 yards is as folloms

MR MO WO 3VD , ) Es

Gwwap of m~llost MR ~ 5.0 2.90 2.3 925 947 10.14
Group of Urgent M 6.6 5.1 3•.3 17.1 13.5 17.5
Average of all tVmuP 4.56 3•.10 2.65 12,3 i .77 i4.9e

e. Aft4r thorough oleanming of the okrme-plated barrel referred to
In paragraph 2 o., above, five te-shot "reuups fired with a 42-grair obarge of
M 4350 prtol-a,•nt yielded an ayefrgo mar mdcun Of 3.1 Innchs OA (00 Y .rds.
haypeotion of tho bore Indleated no appreciable a imlation of f•uling. Individual

target meuxtmento are givon in Appendix B,, and a uniary of the Mve tfn-shAt
groups follow ,
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MR MVD Jd-D m mD BD ES

Group of m1leiot MR ?.2 1.9 1.0 7.0 4.7 8.5
Group of largent MR 3-7 3-.0 1.7 10.4 7.6 11.2
Avoage of all groups 3.1 2.1 1.6 8.9 6.7 10.0

f. For purposes of oceparismo the followinG data wer e extm-ated
from the Third Report c Project No., TSI-2, and represent av emp~ nsioii of
fifteen to-n-hot prcmps (five groups from eMh of three barrels) at 600 yards,
wit. celiber .30 M2 ball aimnmitior, let mober F 405999 The applicable
mpoiofltiom requires an average n radiut not gremter t.,n 7.5 inchosul lob
mambsr FL, 4059 is of apprmizmtely avtrage quality.

MR lTD M M gD m S

L"vwrge of 15 v,• w'p 5.4 •3.32 .68 12.79 11444 17..48

3. Detailed resuilts of remminmwtai fi mnnin1a lU _

in kppeWix B. Thse* data, upo being reduoed, yield the following trLajo*.or7
olhara",tristios applaiaable to etandard, ,•rtfae, atm'spbori eandit.os.s A
ma*n le velooty of %0 fps haA been uiod instaad of the value of abaft 3W fpm
vdoih ma attained with the 30m pro lpea• the 3400 fps is regmw4 a&3 a out-

erutivn er'timato of velocity attainable in pro6dmin loading. Values for
oaliber .30 ball e ition have been included fow ompealscn in tb f2.1sig
tablet

V _ xl.f fps* UWT, t.-lbe _ * W NAT .,... WAO_
...a d C".... Cal..,0 CoI,... Cal..o+, W.# Cal. 0 al..2 fCtl..140

0 0 2796 1755 a3 0 0 0.0 0.0
100 311B9 2580 1506 258 603 .05 0.4 Olt,
200 2905 9364 121 1896 .15 .2 0.9 1.4
I00 2670 225 1002 157M .36 -54 1.5 202

2414 WJ 905 1209 .70 1.1 2.1 -

5 20 1753 748 1 1.2 1.8 2.08
600 20o7 156 62 8149 00 06 5.5
700W O 1396 h93 1 29t 7.0
am 80 oo mg~ 396 T2 62 1-7 5.7 .80

111. 317 6.0 9.6 6.9 10.8
1000 1296 10M M255 361. 8,4. 13.5 6.3 13.3

1500 935 731 133 151 -- - - - - --

200 776 10 91 83
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DWLDCTIGN 9"M.Vf (W 10-WHF CROOSE3DIN FEST AT TARGW

RANGIE CtUber Caliber RANGE Caliber C4.Iib~r
Yards ______ _.O__ __Yards .99

100 .06 ý.O6 5oo 1o5 2.0
.00 .27 600 2.3 3.1
.118 .6L4 00 h4. 6.3

4e t~he resultv of nine fair hits m a "er~t of three omoosw. of
.mw-iuh pine, bfrsxdapspacd at owe-inah intervals at 2000-yuard range give
eamp1ate perforation of three boards (the eztire target thiekb...) an eighk rags
&Md penotration of 2 3/14boarft mr me rood.

5. Results of paeitrktion tests *.gainst khA,-im~b hwgummau Lima
plate (3y 364) sad Ul helmet. are miumurisd belogw for the experimntel galiber
.22 *artrIdg, with caliber .30 92 ball for cemparismsa

TARGIT RU~GS QaL3bor FAIR OPAUIh.X ocafmBm CO
T11A Uds. AM. EMT PUOflW1, PEWMATIM PUV(BhflO

puat* 100 .30 5 0 05
Plate 150 .30 5 5 0 0
flato 300.3 5 0 0
Flat* 0.e 1 0
nutst 70 49 5 2 0 3

plteWO .2 5 00
Ibluab 00 . 6 321
Holmot 1000 .30 3 2 0

1000t I( A 5 0 0 5
Iblut 1100 .35 4 0 1

CApprou~tel~y ga defiod in OK) 1"S FM, Vol. MU. OM 7-17,
Complete perferation - Sullet Manseft thrm4* plats iaw at ReAas

side ccb2t
oaqil.*e penwbrafteu - Ballet mlpmsmcank throgh but dwe wet

past %bw*4gh
ftrbia pamtratlm - Any f sir hit uh1oh t a met withilm do fIfiltI ma Alye.

6. Tb. xbarczrd #Ubl.Uty ftotars of the ezqpwrInst&! bullv~ et A ittmd.4
tims yaweardi ft" with barrels of 0-lush mid asInh twist. at amerioe maasle
velvelty of abpwt %00 fps, are wwm.rize belowt
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TWIS~T AMSIENT RBL! ATM. STA3IITY(•_____•,• ,• TEIGIEATURE ..... . FACT , .._ A K

10 S tandabd 1.00 1,16
9 tandard 1.00 1442

10 -650F. 1.38 0.84g
9 -650o. 1.38 1.03
8 -65"-. 1.38 1.31

7-- Recoil characteristics of the experimental asaumitiouti obtained
by 68 atuatli from results reporte4 in the Thirtieth Report i Project No.
TS1-2. and allowing Lor cbw•ex in bullet wd charge ioghts, ae an given
bolm, vith data for caliber .30 MR ball included for compartion.

MIAR&CTERIST 108 W/COW'AE R YjO OCKflIU&7CR

Recoil Mimortntm lb-se. 1.56 2a.16 2423 2,68
Tail -- rgy, ft-lbs., 7-ilb rifle .6 10.7 12. 1.8Recoil e-'nergy.fti-lbs, 6-1b riflle z 9-3 9-1) 14J4

esll emrgy, f-lbs, 9-1b rifle 8.3 as me

8. The following results are based upon analysis of womA-baUstio
data by the Cheenial C•ps Medical labor'atorie, as reported in HIM No.
ubich commuison Apyemdix C of this reord. The enry opposite %x. Clavity
Volume it the apprito awag temporary wim. cavity volum pro4oe by
penetraton of the bullet into a tissue mod~e1, vhich emiseta of a orlinft of
20% gelatin, 12 an lmg snd 12.4 on in dioters, the path of tka bullet being
approxlmtely axial within the block. Razuul-by-rean6 ebserutinas em =uuzum
oa-dAb- vom sare given iu Appendixz 0, hindh appediz also omtaln results of
firing apaist ero1sm•tal atmlos at ruages up to about 16i yards, ead *=toiua
nr other data of elpdfiao e in a wmeb-11iAie ecmnpaws. but these ether

data ON oonteroently be muzmried fn e preseutatianem herb . The wAi.m
tosiprary oity --lUm to probab17 the aut sifVelan singlie a•nmmiel oriterion
of woiwding power, a&W is presete~d he"e at the risk .f qoipe" out of ambnext
fr• the 1lkd~oa lab abw d* AI sarch lepertp, but for oeeqlee .zpe1 t
data, attention i here ilvvited to Aaiz 0. Mh&X6 tbh wouSSbalilStie results

afak nýhl " ra4y. Din' Ltut &7li W M~ WPM *Oro~ a"t OLV"lAU,26 U
lIn the tabua~r xmmz7 bel. d&t& are presented focr the oaliber .30 AP me bullet
(for *ih da&ta are awlabloe In the reformw olted in paragra.ph 15 2 f.) fr
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("__ Al. .2P W. Cal.. -O AP H2

10 Y-,Ms Rolal * 325 to 2110 v
3l0~ Yr-rde ýReafl 0 lR2 to 380
1:0(.' Yards (i.pilabod 113 1140

~.0Yards S~in.i1n Lwu 1.5

*Because sons bullets tumble and smm do not, data are widel~y
scattere*d, and avemfa~ va~luesa 're not nignifioantj figures
are therefore given only to indicna";o the range of' values.

C. * iMRVATIONE;

1. Swo theoretioal advvantagss of *=!Il-caliber high-velaoity bullets
were disoivased at length in a prev1.ois roport on this uubjoot (theo Thirtie.th
Roon~rt nn Projet No. Tft14), and thore disounsioris will niot "no oompietaly
reiu..Yýttd here. briefly, the adma~'tar~oa incluade imuproved burib-fir. &aourmay
(mapootally witha r~izil* cmoi*nseators), greeter flataloms of trajeotoz'y. red!uo*~ilsam
in recoil, increased impact 1relocitleg, and anre Bixing in woig~t. tDisadranbagos
includa 11martatioais In per-torinwice of ia~upe~bull'ctz mtah us tre-er a-ld
inceonciary, wnd lack- of Intorchanranbility with mohlue-Sun amuinzdtion. The

* ~quosf~ion has oft-on &~risen &is to wh~ether amw inassure of lethality woa14 be
saarificad by reduction in ialiber, and present Informantion semsn to Indleate
that It would not. The requirembnt for qoiat.- pu~rpose bullets in rifle amirnd-

* ~tIon, &rn the d..gres to *dah thin should be oa~roodsed for other ouiaiderab1iuaa
can be astablishad ~atay ona taotical precepts vbioh o"r not within tae me"p of
this report. The aced for intoer an~eabillty aC rife and maohine-lgm smaition
can be aftrzmd or ocat~radioted only up=n taotical and logintioal rgrý=md, buit
presont oo4gpraotioe soeom to imply that Itrebengeability in the field
in n"t essextial. Amsition Ini-,nded fs rifle use is pockeCd in the .ightrvund
rov bioo clips w~doh are rwo~ueewy for Aerinl operation of tbs AL rifle. mAd
wAchine-gum asaanution Is packed in nwtsflt link belts hIdeh are noeenszy~ for
uoahine- gun functioning. Altohm~gh single daots can be loaded and fired. smomat
labow"ciuiy, wi thoutb clips for the VI. rifle or bvltx for a mc~hint pua, for prea-
tical purposes, the amraumition pcwktage for ane waspoin io vlrtualv Useless in
the field for the other. The mituation would not uqau to be greatly altered
itf rifle and nwoh-ino-gunm anuitien wer~e supplied in their ow reapeotIv* calberz,

2, Whtlo the leadl-osr. .ixperAmteL1 "aliber .22 ballet im superior
in &r r"'peitratian to lead-vwer onellbwr ,30 le ball, it --uld not be ew-mwm-3-h1
in thie r%*peat ba ca&iber .30 le AP. wa effort has beoom mule to develop azrm-
Pieraizag bialleti in tke .xperivntal oaliber ,22 caruridge. Mure are Oertalft
sdvxntagea asm~oisted %tith leaud..ore bullets (of. Thirtiebh Report an TSi-2)
*~doh ind~icate their mape orit~y for a ranft~i,,UjrposQ rifle rautd, M1 it Ift
feli, tlxxt rifle fire is rolabively so ixteffective agnanat armW in *aq Ovt,
that devloepunt of #L round upooifically for defont of armer was 3unjt'.fled.
Thin view, howwnr, izxv ave tw~ticsl etansiderystl nns vidoh a"e probably bryand
the proper seq~o of this report. Tf the using forces Pxresn tbo vim that
armor- piero Ing billata for rifle ar.-#Aaiticon are earantial, it s~
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probaxble th~At ft oa~ller .22. AP' bhillet- coulJd be davvo1oped to eive parfulermwe
oupawra~be to that of exirrenti caliber .30 AP' hI1mts.

IV C0OICLMIIW8

A. The followinr conoIlusims xre drsvrn with respeat to oonp*,risa betwben
a-- !ite -epnr iumme oharseteristios of bhae xperimental caliber .?2 H? rifle
amniation &nd those of oslibor .30 M2~ balli

1. Trheo aliber .22 affords highor impaot velooitles at all ranges,
the differenoo being apprwdu~tely 20% at the 315510, 29% oat 1000 yards, axid
6L6V at 2000 yards..

2. rho calibor .22 &ffords flatter trojecortozte ovr al1 riukgs, the
&ifferenoe In =ximmm ordinates beine &bvA 30 Ato L40% at ranten up to 1000 ywrd..

3. The caliber P2 roquir'eo loss night adjustment for e1.mtla ower
.11 roxig.., the differeinoe being abc'-,t "0 to 4~0% at ruxges u~p to 1000 yards,

[4. The oaliber 22 is less deflected by aress-wind, the diifoewouo
being appro~ximately 25% at ranges frm 300 to 1000 yards&

c.The salilber eW has lWear izuaot eergises at all szoept very long
raA~ges 4 a"rly 2000 yards), bUt the torminal-ba~lliate proportion - penwift'"'M

* and lethality - with vhiok impaot oiwrgy Is ~ftywo Lsoo.ated, my. not
Inferior for the ogliber *.W. as noted beiwos

a. The lo.6-.er* caliber .22 bullet will erforate liht &arw
plate (lAr'lnoh, BNO 364) at grater range then will 07"ibr .30 12ball, the
reage at vhdoh Mp iN diately halt of tbo fair hit# penlorate being bewn 100
amd 150 Yards for the sealibr *30# aaM at miAt 1400 yarda for the caliber Me.

bo Tho ea.Ubor .22 will perfewat. Ul hbluata at gieater range than
will oaliber .30 W2 ball, the rang for vized results (cowoete porteratime wan
parttal pumebamations) Wei" abowt 900 yards for the ealiber .30. wdsM a Ut100
y4ard fr the caliber J..

a* With respect to lethality, there in as ovidemoe tbet the
exporlmotal ealiber .2 bullet is uligChfly cuipowor to *ont eAliber .30 bullets
at rarges up to about 30W yards. *that eal~ber .30 bullets my be nederate3ky
"sprior bwbwvo 300 .AM 1000 yards, wan that there Is no ixosbmtw diftoruio
beftee the -we fro about 1000 to 2M0 yardm, The wrvtw all perfsme of the
tine eamliberw to therefm--m wqebbly not Importantly different In this m'qpeeto

6. The caliber .22 cartridge pzeh less15 r.ei11 then does the eaLiber
.3.0, tive freo..rooeil evergies being about W( leses If owuwmpters wore used with
bobh calbrs, *and about 30% loss if no egmpoemasb oru e need with either oaliber.

7. This met&% of a sa1ebo ren at the ea*iber .M wmeadioium ts
.appreximtoly 30 lee. then that of a vmin of osliber .3* M ball.

-16-
CONFIDWN~IA;.



".1N 0 IL)tN TIA

8. The oallbar .22 mll.,tn etp1oyo~d In f-.1- tent v&ve rather better
"aurmaoy than is usually obthnoed with ot1iier .30 produotion owunition,but
this differncxe may be attrIbutable nore to the quaity of the indlviduel
bullet lot than to differmnoeu inhorent in the design or oaliber.

B. The ba1l-ty1 ,. propellant available for theme tests in not completely
guiteble fur tho zx n4.1_! naliher .2 oartridge, produoing an undesirable
aocumulation of fouling in the bore, whiah ftelinr, tends to inoreae dispersion.
Hover, if chrome-platod baz'rels are ealoyed, the acour©cy is still very good,
arfording averae mman radii of abouzt 4 inches at 600 yards with the ba•l
propellant, which is well within the 7.5-inch requirwoint for caliber .30 W
ball. Swvmr (frm the 3*.-iuch Ima radius obtsimed using M propellant)
It is combAed that ammury in still adversoly affteted by the bell-paell•ant
foing, even when ohrms-plated bores are emled, and that ball propellia.
of re sutable typs should be dereloped.

C. With respect to eroo.on oharmoteristios of the eX"emanta ommition,
no eeolueion is prsemntly poessible, since no suffloaiext mLmle of a~mmidtion,
no Od.abIe ws•an. &rd sn c.m.pletely an.ti.f..t•w-7 propellants were available for
erseion testing. It Is omoalwid~, homever, that this import•n othmeteriuftle
should be fWoher Iestipt•d.

A.* It Is roesomMed that omment be Invited frm the usinug f•cos an the
ou•tonts of this report, and that the oourse of further dev•Ieol m in the field
df nti&UoalLber high-veleetty shwelder waKlw Weo oognisamoe of the caints

B. Cestingoen upo the expression of further lnterost by tba using forces,
and subject to consideration of the ucing fe•oai vmw, the following immAte
acurso of dve~lomento is wee in~de

1 Shoulder mospous of suitable t be equippod vwth ohremeplated
barrels having ine-inoh lead of rifling, and adapted to fire winltiou of the
type employed in these tests.

2. Efforts be iado to obtain propellant which iI flee tr the
objeetiemble fouling, ohariatotritios of t~he X ha72 ball. propellant used is~
the-se tesrts, but *hieh retains the doeirkmbl* U in.ro-bli'o retesf
th X ) 07.2. ID this regard, It in turther reammunded that ,ntmifetalsW acent
be inorporated onDy after very oaraful oeouideritlon of other approahes te
the problem, since recent tests in other calibers have whou that Pash agents
ms•y dotraot frm the desizable erosion perfer-amje ahioh 0e oahertertatia of
ball propellat*.

k. 1 u •nty of the exporimutz.1 mommtion be preoured, linot rating
the demsirble aharseterisalca indicated by these tests, for further dovelepumt
testing, and for evaluation by uainK foroo.m

-C17-
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h~Quiatiti.oa Of weapons &Ad~ aymmniti on procursd be suIfictwnt
~oprovtl1. for muoh too-to as using foroo .-W desir. for tho-Ir amluation

ef the experimental oextridre, &M at ieui.fmuz weapmwtu Lnd 25 ,0C0 rakwdo
of &nmazxtiwi for erovion teo.±inK at this station.

W2M. C. flAYI
Chief zacimeoW

APPROV
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5 December 1955)

SPECIAL NOTICE

The Development and Proof Services 35th Report on Project No, TS,-2
is being published for distribution at this time in .icompD.. £o
Appendix C being omittnd fr-rt the initial distributiono This has be-n
made necessary in the intorest of timely availability of the major portion
of the data* and copies of Appendix C will be distributed separately
as soon as they become available at Aberdeen Proving Groundo

As noted in Appendix A, an inquiry made on 23 September 55 elicited
the estimate that the Army Chemical Center would publish ,luring November
1955 the report which will comprise Appendix Ce Reply to a verbal inquiry
made 5 December 55# however, i.wlicateB that publication cannot be accomi-
fished prior to about 1 4anuary 55. It was felt that the remainder of
the main report should not be fu_.rther delayed, because some urgent re-
quirements exist for information presented therein.

Some information obtained from a draft of the Army Chemical Center
report during Soptember 1955 has been included in the body of the main
reporto References by number and date to Appendix C have been lpft blank
in the body of the main report, and can be entered by the custodians of
the rarious copies when Appendix C has been receivedo

The aut ýr of the 35th Report on Project No. TSI-2 hrs reviewed a
draft of the Army Chemical Center repcrtp and discussed its contents with
the authors of that report, and feels that the conclusions dealing with
wound ballistics are adequately substantiated* However, final judgement
on this aspect of the experimental work should probably be withheld until
Apper•ix C can be distributedo j

I

WM* C. DAVIS

. -J

• .+

// . ,,.- .



APPUDIX B -3C3 Rmnduy-omd Datau(U

APPEUDI A - CoIIR sNd~o.
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ArnMXDI A

Cox I sp6mweo

TTaR 154~8 (Um~c
Lbr APG(o) 1471A62 (023f)
Ltr APG 4714183 01,0)
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